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Introduction

The squamous epithelium
I ining the rat
foregut was removed by incubating
fresh, unfixed
specimens in ZN sodium bromide.
The surface
morphology of the exposed subepithelial
basal
lamina was examined by scanning electron
microscopy.
Areas examined included hard and
soft palates,
oropharynx,
tongue, esophagus, and
forestomach.
The basal lamina was continuous
over all surfaces.
Basal lamina corrugations
were not present at all sites.
The saucer-like
defects of lymphocyte migration that are present
in the basal lamina beneath the squamous
epithelium
of the skin were not observed in rat
foregut.
The epithelial-connective
tissue
interface
of the rat esophagus does not have the
coiled and branched papi I lae seen in esophagi of
adult humans. The three dimensional
shapes of
the connective
tissue cores of the various
I ingual papillae
are we! I-demonstrated
by this
technique and are distinct.
The basal lamina of
the hard and soft palates are also distinct.

The basal lamina underlying
squamous
epithelium
has many functions,
including
facilitating
epithelial-connective
tissue
adhesion,
providing
scaffolding
for epithelial
repair,
modulating epithelial
proliferation
and
differ·entiation,
and regulating
movement of some
macromolecules
(2,4, 17).
Also, in some settings
characterized
by abnormal eel I proliferation,
such as carcinoma-in-situ,
the basal lamina
provides a physical barrier
to stromal invasion
by malignant cells,
at least until the neoplasm
apparently
develops the ability
to exploit the
thixotropic
nature of the basement membrane or
produces type IV col lagenase (12,14).
The rat foregut,
which is covered by
stratified
squamous epithelium,
has a high degree
of regional
surface specialization.
Understanding the topography of this interface
in the
normal rat esophagus and oral cavity would be
useful to studies of epithelial-connective
tissue
interactions
in experimental
carcinogenesis,
since, for example, the epithelial-connective
tissue
interface
is altered
in dysplasia
and
carcinoma adjacent to areas of invasion (8).
Because of this potential
use and because the
basal lamina and superficial
connective tissue
underlying
squamous epithelia
are so intimately
involved in many aspects of foregut morphology
and function,
this study was undertaken to
characterize
the topography of the basal lamina
at the epithelial-connective
tissue junction.
Naterials

and Nethods

Esophagi and forestomachs
were excised from 6
adult male Spraque-Dawley rats.
Tongue and hard
and soft palate
including attached oropharynx
were dissected
from 18 adult rats.
This
population
included 13 Sprague-Dawley and 5
Wistar rats.
These included 8 females and 10
males.
Following excision,
the tissues
were
immersed in ZN sodium bromide at 60°c. for 1
hour as described
elsewhere
(19).
With the aid
of a dissecting
microscope,
stratified
squamous
epithelium
was gently elevated and removed from
the underlying
connective
tissue and basal
lamina.
The latter
tissue
was fixed immediately
in 3i glutaraldehyde
in 0. I M phosphate buffer,
post fixed in osmium tetroxide,
dehydrated
in
graded ethanol solutions,
critical-point
dried
and sputter
coated with gold-palladium.
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Representative
1.0 mm cubes of tissue from the
epithel ial-mesenchymal
junction were removed from
specimens prior to fixation
for SEMand processed
for transmission
electron microscopy.
These
tissue
cubes were fixed in 37. glutaraldehyde
in
phosphate buffer,
postfixed
in 11. osmium
tetroxide,
dehydrated
in graded ethanol
solutions,
and embedded in Epon. Thin sections
cut from Epon blocks were stained with uranyl
acetate
and lead citrate
and examined on a
Philips
300 transmission
electron microscope.
Scanning electron
microscopic
specimens were
examined on a Phi lips 500 scanning electron
microscope.
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Figure 1. Light micrographs of rat tongue before
(Bl and after (A) removal of epithelium
by sodium
bromide processing.

No differences
were found in the surface
morphology based on sex or rat strain.
As in
previous studies,
sodium bromide processing
removed the squamous eel I epithelium
(Fig. I).
Transmission
electron micrographs confirmed that
the epithelial-connective
tissue separation
was
between the membranes of the basal souamous
epithelial
eel ls and the basal lamina (7) (Fig.
2).
Also, TEM showed that the basal lamina and
sub-basal
fibrous connective tissue were
wel !-preserved
and attached normally to each
other.
As such, the scanning electron
micrographs presented here demonstrate the
external
surface of the basal lamina.
The basa 1 Iami na was continuous over a 11
surfaces of the tissues
studied.
The forestomach was covered bY prominent, transversely
and obl iouely oriented
ridges with blade-! ike
shapes (Fig. 3).
The basal lamina was smooth to
undulating
and contained few corrugations.
The
esophagus was covered by folds which
were longitudinally
oriented and extended the
entire
length of the esophagus (Fig. 4).
A
system of smaller ridges was oriented
para! le! to
and obliquely
to the ma.ior folds.
Corrugations
which were 0.4-0.6 micrometers
in diameter were
present as a diffuse
reticular
network (Fig. 5).
There were no basal lamina fenestrations
or
coiled and branching papillae.
ln the tongue, findings reflected
the fact
that different
types of papillae
are located in
specific
regions.
The anterior
half of the
dorsal surface was covered by peak-shaped
connective
tissue papillae
that were the
connective
tissue cores of the simple conical
filiform
papil Jae (Fig. 6).
The basal lamina on
these was arranged in wavy, vertically
oriented
corrugations.
Lateral bridginq corrugations
were
uncommon. The corrugations
at the papi I lary
bases blended into the irregularly
oriented ones
covering the interpapi 1 lary spaces on the
anterior
tongue.
Near the tip of the tongue the
papi 1 lae were taller,
more narrow, and less
corrugated
(Fig. 7). Most showed an oblong
depression
on the apical posterior
surface.
Fungi form papi I lae were also present on the
anterior
half of the dorsal surface.
Their
connective
tissue papillary
cores were two to
three times as high as the connective tissue
cores of the simple conical fi I iform papi 1 lae
(Fig. 8).
The apical surface of each funqiform
connective
tissue core was characterized
by a
single deep crater
(Fig. 9).
The external

Figure 2. TEMof exposed basal lamina.
The
sub-basal connective
tissue
is well-preserved.

Figure 3. SEM of basal lamina of forestomach
showing transversely
and obi iquely oriented
ridges (R). Long axis of the forestomach
is left
to right in figure.
Basal lamina shows
undulations.
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Fiqure 4. SEN of basal lamina of distal
esophagus.
Longitudinal
axis is left to right in
figure.
Longitudinally
oriented
large folds and
smaller ridges are evident.

Figure 5. SEN of smaller
lamina corrugations.

ridges

Figure_]_. SEMof basal lamina of simple conical
fil iform papilla
near the tip of the tongue.
Note the apical posterior
depression
(OJ.

Figure 8. SEMof fungiform papi Ila showing
lateral
basal lamina and size relationship
to
adjacent simple conical fi 1iform papillae.

showing basal

f.i.fil!!::_e_E•SEMof simple conical filiform
with vertical
basal lamina corrugations.

papilla

Figure 9.
papi I la.
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SEMof apical

crater

(C) of fungiform
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lateral
wal Is of the fungi form cores had
vertically
oriented
corrugations
that were not
quite as distinct
.as those on simple conical
filiform
cores.
The basal lamina on the walls of
the apical craters
were undulating
to flat
without organized corrugations.
Giant conical fil iform papillae
occupied an
area posterior
to the fungi form and simple
conical papil Jae.
The connective tissue papi l Jae
were taller
and had narrower apices than the
connective tissue papi I lae of the simple conical
forms.
Many had notched apical tips.
Deep
grooves were present on both anterior
and
posterior
surfaces.
Vertical
coarse
trabeculations
on the basal lamina were present
on these cores (Fig. JO).
In the region
posterior
to the giant conical papi I Jae the
papillary
cores were those of true filiform
papi I lae.
The connective tissue cores of true
fil iform papil Jae arose as a single base with
anteroposterior
flattening,
but the apical
one-half to two-thirds
were composed of three to
five secondary finger-I ike divisions
(Fig. 11).
Their basal lamina corrugations
were poorly
developed and most of the surface was smooth.
The connective tissue core of the solitary
circumvallate
papillae
on each tongue showed a
broad apex and vertical
walls covered by slightly
undulating basal lamina with no organized
corrugations.
Connective tissue cores of foliate
papil Jae were present at the posterolateral
aspects of the tongue and were characterized
by
long rows arranged in an anteroposterior
direction
(Fig. 12). Secondary papillae
occupied
the apical one-half of these connective tissue
rows.
The basal lamina on foliate
papi I Jae was
smooth to undulating
and without corrugations.
The lateroventral
surface of the tongue was
undulating and free of papillae;
organized
corrugations
were absent (Fig. 13). Paral lei
ridges were present on the ventral surface
adjacent to the reflection
of the basal lamina
onto the floor of the mouth and anterior
pharyngeal columns.
Their long axes were
oriented
in an anteroposterior
direction.
Orifices
for von Ebner glands that were present
in the posterolateral
aspects of the tongue were
oval and surrounded by prominent basal lamina
ridges (Fig. 12). The basal lamina of the duct
orifices
was continuous with the basal lamina
covering the remainder of the tongue.
ln the palate,
the basal lamina covering the
hard palate was different
from that on the soft
palate.
The hard palate contained rows of short,
blade-like
nodules arranged in modified chevrons
with the apices directed
anteriorly
(Fig. 14).
The last row usually was straight
rather than
chevron-shaped.
Frequently the last row was a
continuous ridge rather than discrete
nodules.
The nodules were continuous with small ridges
that extended posteriorly
(Fig. 15). Basal
lamina on the nodules had a pattern of
undulations
and poorly organized corrugations.
The parallel
ridges of the hard palate changed
abruptly to an irregular
pattern of interconnecting ridges on the soft palate (Fiq. 16).
Orifices
for soft palate glands were present
in the posterior
aspect of the soft palate,
and
the basal lamina of the glands was continuous
with that of the soft palate.
The basal lamina

Figure 10. SEM of basal lamina wall of giant
conical papilla.
Note the coarse, vertically
oriented trabeculations.

Figure 11. SEM of basal lamina of true fil iform
papillae.
The top of the figure is directed
toward the anterior
aspect of the tongue.

Figure 12. SEMof basal lamina of the posterolateral
aspect of the tongue.
Figure right is
anterior.
Note foliate
papillae
{arrows).
Insert:
Detail of foliate
papillae.
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Figure 13. SEM of basal lamina of the anterolateral
tongue.
Figure right is anterior.
Note
scattered
fungi form papi 1Jae (arrows).

Figure
palate.
blade-I

Figure 15. SEM of blade-like
nodules
Figure 12). Note they are continuous
longitudinal
ridges.

14. SEM of basal lamina of the hard
Figure top is anterior.
Note the row of
ike nodules (arrows).

(arrows
with

in

Figure 16. SEM of basal lamina of soft palate.
lt is characterized
by a complex pattern of
irregularly
oriented
interconnecting
ridges.
showed a complex array of papillae
and blade-like
stromal folds ( 18). The papil Jae were simple or
branched and had helical
contours caused by
subepithel ial spiraling
capi 1 laries.
Few
corrugations
were seen in human esophageal basal
lamina, while they were relatively
we! !-developed
in rat esophagus.
Differences
may be related to
the position
of the esophagus during deglutition
and the nature of the swallowed food.
The
vertical
position
of human esophagus and the
larger size of swallowed substances may act to
pul I against the esophageal stroma and facilitate
the formation of papillae.
The surface of the tongue has striking
structural
specialization,
not al I of which is
not funct i ona I 1y exp 1i cab I e ( 1, 3, 6, 9, 11, 13l . In
the rat's
tongue, the anterior
half of the dorsal
surface is covered mostly by simple conical
papil Jae while the posterior
half of the dorsal
surface is covered by filiform
papi I Jae.
Between
these two regions is an oval patch of giant
conical papillae.
Fungiform papil Jae are
distributed
in the paracentral
areas of the
dorsal anterior
half of the tongue and are

of the oropharynx showed para! !el, obliquely
oriented ridqes which converged medially and
posteriorly.
A well-developed
pattern of corrugations was not observed.

Discussion
This study utilized
a sodium bromide
technique for separating
the epithelialconnective tissue
interface
of stratified
squamous epithelium
(5, 15).
It is one we have
used to study both skin and esophagus and one
that provides an intact basal lamina on the
connective tissue underlying the stratified
squamous epithelium.
We are not aware of studies
showing the mechanism of action of the sodium
bromide.
The rat esophageal epithelial-connective
tissue
interface
is morphologically
very
different
from that of the human. Rat basal
lamina had major and minor longitudinal
ridges
and interconnecting
corrugations
with no stromal
papi 1Jae.
In contrast,
scanning electron
microscopy of human esophageal basal lamina
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shearing pressures.
They were also present in
the esophagus.
The increased surface area
afforded by the corrugations
in these regions may
reflect
a greater
local requirement
for strength
of adhesion.
Another interesting
finding in similar
studies of the basal lamina of human skin has
been the presence of numerous sites of basal
lamina deformation associated
with lymphocyte
passage (19).
These saucer-I ike defects from
lymphocyte migration were not identified
in any
portion of the rat foregut.
This technique for visualizing
extensive
surfaces of basal lamina underlying
squamous
epithelium
of the tongue could provide a useful
model for evaluating
structural
changes in the
epithelial-connective
tissue
junction associated
with differentiation,
epithelial
repair and
neoplastic
transformation
with subsequent stromal
invasion.

admixed with the more numerous simple conical
papillae.
There is a single posterior
dorsal
midl ine circumval late papillae.
Variable numbers
of foliate
papillae
are present along the
posterolateral
aspect of the tongue.
The
lateroventral
surface is smooth.
Taste buds are
present
individually
on the apices of fungiform
papillae
and in groups along the sides of
circumval late papil Jae.
Previous scanning electron
microscopic
studies of the rat oral cavity have been
performed on mucosa I surfaces
sti I I covered by
intact squamous epithelium
(16,20).
Patterns
of
connective
tissue cores of papil Jae in the rat
have been studied by light microscopy of serially
sectioned
tongues (11).
Connective tissue cores
of simple conical papillae
have been described as
truncated
cones.
Cores of giant conical papil Jae
have been estimated to be roughly truncated
cones
with slight
compression in the anteroposterior
direction.
"En fsl_c;_g"ser i a I sections
of true
f: liform papil !ae have shown three to five cores
and accurately
predicted
the finger-like
appearance of the secondary papillae
seen on
scanning electron
micrographs.
Studies on
serially
sectioned
tissues
are quite tedious to
perform and do not always result
in complete
visualization
of three dimensional
surface.
Such
studies of rat tongue have demonstrated
the gross
shapes of papillae.
The technique used in the
study reported here has revealed other levels of
basal lamina organization
such as coarse
trabeculations
on giant conical papi I lae and
intricate
patterns
of basal lamina corrugations
on the anterior
papi l Jae.
Well-developed
patterns
of basal lamina
corrugations
were restricted
to fungiform and
simple conical papil Jae.
True fil iform papi I lae
had corrugations
that were poorly developed.
Basal lamina on circumval late and foliate
papi l Jae and on the ventral surfaces of the
tongue was relatively
smooth with no distinct
corrugation
pattern.
The oropharynx,
soft
palate,
and hard palate also show distinctive
epithelial-connective
tissue
interfaces.
An
intermediately
developed design of corrugations
was present
in these sites.
These patterns
of
corrugations
were somewhat different
from those
seen in previous studies of skin (7,10,19).
Under the squamous epithelium
of human skin the
basal lamina is arranged in vertical
corrugations
on dermal papil Jae. The corrugations
in children
and non-senescent
adults are taller
and have more
laterally
oriented
bridging.
In old age, the
corrugation
pattern
is lost, resulting
in basal
lamina with an undulating
to relatively
smooth
surface.
The relationships
between the surface
patterns
of basal lamina and the different
functions
attributed
to it in conjunction
with
the underlying
connective tissue are not known.
Hypothetically,
corrugations
afford an increase
in surface area for epithel ial-mesenchymal
interaction.
Their loss in aged skin corresponds well with the clinically
observable
decreased epidermal-dermal
adhesion of senescent
skin ( 7) . In the tongue, corrugations
were most
prominent on the anterodorsal
surface,
an area
exposed to coarse food and presumably greatest
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Discussion

with Reviewers

J.L. Boshel I: WiI I you hypothesize
on the
relationship
between morphology of the basal
lamina and keratinization
pattern of the
epithelium
in areas that were studied?
Authors: The one area where there was a
relationship
between the topography of the basal
lamina and the pattern of keratinization
of the
underlying epithelium
was in the simple conical
filiform
papillae.
Keratinization
in the
epithelium
covering the anterior
aspect of the
papillae
has been described as "soft keratin and
the cells show a weak reaction
for sulphydryl
groups.
The posterior
aspects of these papi I lae
are covered by cells which develop "hard"
keratinization
and contain eel Is which are
sulphydryl-rich.
[Farbman Al.(1970).
The dual
pattern of keratinization
in fi I iform papillae
on
rat tongue.
J. Anat., l_Q§, 233-242]
The cells
lying in the posterior
depressions
(0) of the
papillae
(Fig. 7) are oel ieved to give rise to
the posterior
population
of eel Is which develop
"hard" Keratin.
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